Purpose: Slowed speech and interruptions to the flow of connected speech are common in aphasia. These features are also observed during dual task performance for neurotypical adults. The purposes of this study were to determine (a) whether indices of fluency related to cognitive-linguistic versus motor processing would differ between speakers with aphasia plus AOS and speakers with aphasia only and (b) whether cognitive load reduces fluency in speakers with aphasia with and without AOS.
Introduction
Disfluencies-or interruptions to the flow of speech-are common in aphasia. They can be caused by a number of inefficiencies in morphosyntactic, lexical, and phonological processing as speakers struggle to find the expressions they desire and observe errors in their own output.
The coexistence of apraxia of speech (AOS) may compound this disfluency through an added layer of inefficient motor programming or planning. In fact, reduced speech rate and abnormal prosody are considered primary diagnostic criteria for AOS (Wambaugh, Duffy, McNeil, Robin, & Rogers, 2006) . Although disfluency in AOS has been noted over previous decades (Baum, 1992; Deal & Darley, 1972; Johns & Darley, 1970; McNeil, Liss, Tseng, & Kent, 1990; Trost, 1970) , it has rarely been described systematically during connected speech (see Bailey, Blomgren, Delong, Fassbender, & Wambaugh, 2017; Liss, 1998 for exceptions) . In the present study, we describe speech fluency during narrative production in speakers with coexisting AOS and aphasia as well as in speakers with aphasia alone. Recognizing that fluency is determined by situational demands, we take the comparison one step further and provide preliminary observations about how cognitive demands affect fluency in these two populations.
Relevance of Extended Pauses and Repetitions
A number of behaviors are known to interfere with the forward flow of speech (e.g., extended pauses, fillers, repetitions, revisions). While the method of measurement has varied, inefficiencies in cognitive-linguistic processing have most often been linked to relatively longer (extended) pauses (Hird & Kirsner, 2010; Mack et al., 2015; Schlenck, Huber, & Willmes, 1987) . In speakers without speech and language impairment, extended pauses are commonly defined as periods of silence that are longer than 200-300 ms (Goldman-Eisler, 1968) . Measuring pauses in the discourse of people with aphasia (PWA), however, is complicated by more frequent and longer pausing in this group and potential confounds related to motor speech production. It is unclear what the appropriate cutoff should be, particularly in a sample of speakers with diverse aphasia presentations and speaking rates. Schlenck et al. (1987) used a 2 s pause cutoff to analyze picture descriptions from participants with stroke-induced aphasia. The authors' assumption was that pauses and filled pauses longer than this value would reflect "linguistic trouble" (p. 233). In contrast, Mack et al. (2015) examined narrative discourse samples produced by participants with primary progressive aphasia and defined pauses longer than 300 ms as extended. With this approach, they observed more frequent pauses in the agrammatic variant, which by definition included participants with motor planning deficits. It is also worth noting that between-word discourse pauses in the 150-750 ms range have been considered characteristic of childhood and acquired apraxia of speech (Shriberg et al., 2017a (Shriberg et al., , 2017b . Some authors have taken an empirical approach to the categorization, distinguishing between "short" and "extended" pauses on an individual basis by splitting pauses into two groupings based on the observation of bimodal within-speaker pause distributions (e.g., Angelopoulou et al., 2018; Hird & Kirsner, 2010) . Using this method, Angelopoulou et al. (2018) analyzed speech samples that were elicited from responses to open-ended interview questions about personal history. They found that the median length of extended pauses was significantly greater for 18 PWA (785 ms) than 19 neurotypical controls (670 ms). Other studies have reported similar values for neurotypical speakers' pause duration during interviews (530 ms), but longer pausing during story retell tasks (940 ms; Kowal, Wiese, & O'Connell, 1983) . Thus, discourse type must also be taken into consideration defining what pause duration should be considered "extended." Whereas extended pauses have been linked to cognitive-linguistic processing, problems related to motor speech might be reflected in speaker-initiated repetitions of sounds and syllables, which are one form of stutter-like disfluency (Conture, 2001; Goberman, Blomgren, & Metzger, 2010; Watkins, Smith, Davis, & Howell, 2008) . Because these repetitions are analyzed at the level of sounds and syllables instead of words, they have been considered motoric rather than linguistic in nature. Based on this reasoning, Bailey and colleagues (2017) identified stutterlike disfluencies in discourse samples from 20 participants with aphasia and AOS. They used the Lidcombe Behavioral Data Language to code both fixed postures (i.e., transient cessation of articulatory movement during speech) and repeated movements (i.e., sound, syllable, and multisyllabic unit repetitions; see also Teesson, Packman, & Onslow, 2003) . Repeated movements were observed in 3.5 percent of words during discourse and accounted for almost all stutter-like disfluencies (88%). Although the authors suggested that many participants with AOS produced an abnormally high proportion of repetitions due to their impaired motor planning or programming, they included no comparison or control group.
Effects of Cognitive Demands
Extended pauses and repetitions are not unique to aphasia or AOS, but also occur in neurotypical adults, and may increase in frequency when the speaker performs two tasks concurrently. For example, neurotypical adults have been shown to speak more slowly and produce more fillers or filled pauses when simultaneously talking and finger tapping, ignoring noise, or performing a tactile-form recognition task than when talking only (Kemper, Herman, & Lian, 2003; Oomen & Postma, 2001) . PWA are not immune to the attentional cost and have also been shown to decrease speech rate and increase pausing when their attention is divided between two tasks (Harmon, 2018; Murray, Holland, & Beeson, 1998) .
It is less clear how cognitive load may affect repetitions. Oomen and Postma (2001) found that undergraduate students produced more sound and part word repetitions when telling a story and simultaneously exploring sandpaper figures tactilely than when telling a story without a concurrent task. In contrast, Eichorn and colleagues recently reported that both people who do and do not stutter produced fewer stutter-like disfluencies while talking and simultaneously performing verbal and spatial working memory tasks (Eichorn, Marton, Schwartz, Melara, & Pirutinsky, 2016) . Their measure of stutter-like disfluencies consisted mainly of repetitions (i.e., sound, syllable, and monosyllabic word repetitions) but also included prolongations and blocks.
Different demands of the secondary task may have contributed to the contrasting results of these two studies. For instance, the working memory dual task may have been more demanding than the sandpaper exploration because it required continuous processing of novel information. Eichorn and colleagues (2016) suggested that people who stutter reduced stutter-like disfluencies in the dual task condition because it facilitated automatization by drawing away internal attention to motor control (see also Wulf, McNevin, & Shea, 2001) .
Similar to the internal attention account, overreliance on auditory feedback might disrupt automatization by causing speakers with AOS to focus internally on acoustic or movement patterns of their speech (Jacks, 2008; Maas et al., 2008) . Restricting access to auditory feedback with continuous masking noise might decrease disfluencies in AOS by causing speakers to attend less to their errors (Jacks & Haley, 2015) . Similarly, distracting people from conscious control of their speech through a dual task might also redirect attentional resources from internal focus on feedback. It is possible, therefore, that dual task conditions could cause people with AOS to revert to residual feedforward control processes and that this, in turn, may reduce disfluency.
To our knowledge, disfluency types have not been previously characterized and compared between PWA with and without AOS. The first aim of this study was to provide a preliminary examination of extended and filled pauses (greater than 1 s) as well as repetitions in these groups during a story retell procedure. Because of their association with cognitivelinguistic processing, we hypothesized more extended pauses in samples from PWA than neurotypical controls but no distinction in this measure between PWA with and without cooccurring AOS. On the other hand, given the presumed association between repetitions and motor speech impairment, we predicted that speakers with co-occurring AOS would produce more repetitions than those with aphasia uncomplicated by AOS. A second aim was to identify the effects of divided attention on speech fluency for PWA with and without AOS. In line with previous research, we predicted that divided attention would reduce speech fluency for all groups in terms of speech rate and pausing. Conversely, we hypothesized that divided attention might decrease repetitions for people with AOS by increasing automatization and/or restricting access to impaired feedback control. Clinically, findings from this study could help identify disfluency types that may be more common in people with aphasia and AOS than those with aphasia alone.
In addition, because everyday communication most often occurs in situations where attentional demands are great, this study could help us glimpse how everyday communication might affect speech fluency.
Method

Participants
The present study used a subset of data collected for a larger project (Harmon, 2018) .
Speech and language assessments for PWA included the Western Aphasia Battery-Revised (WAB-R; Kertesz, 2006) , Test of Nonverbal Intelligence-fourth edition (TONI-IV; Brown, Sherbenou, & Johnson, 2010) , the Chapel Hill Multilingual Intelligibility Test for monosyllabic words in English (CHMIT-e; Haley, Roth, Grindstaff, & Jacks, 2011) , and a motor speech evaluation (MSE; Haley, Jacks, de Riesthal, Abou-Khalil, & Roth, 2012; Wertz, LaPointe, & Rosenbek, 1984) . The study was approved by the UNC-CH Institutional Review Board and all participants agreed to the study procedures by signing an informed consent form.
Results from the MSE were used to diagnose AOS and dysarthria. PWA were excluded if they (a) had not completed a recent MSE, (b) were judged to have dysarthria, or (c) scored in the normal range on the WAB-R (AQ > 93.8) and displayed no characteristics of AOS.
Differentiation between AOS and aphasia (APH) was based on a combination of acoustic and perceptual strategies. The primary acoustic criterion was word syllable duration (WSD). This accounted for the average duration (in seconds) of each syllable during production of 10 multisyllabic words from the MSE (e.g., harmonica, stethoscope, constitution, jabbering). WSD has high inter-observer reliability and has previously been used as a grouping strategy for AOS (Haley, Jacks, & Cunningham, 2013; Haley, Jacks, Richardson, & Wambaugh, 2017 ). The primary perceptual features observed were prominent distortion and distorted substitution errors as judged subjectively by the three authors. Seven participants with WSD greater than 330 ms and subjectively salient sound distortion errors were classified as having AOS (Haley et al., 2017) . Seven additional participants demonstrated subjectively infrequent sound distortions and WSD shorter than 330 ms and were, therefore, classified as APH. Mean WSD was 412.10 for the AOS group and 276.05 for the APH group. Table 1 shows demographic information for the three participant groups and individual scores from speech and language testing are provided in Table 2 . Participants from both AOS and APH groups were more than 1-year post-onset and were relatively comparable on WAB-R and TONI-IV scores. The AOS group included four females and three males with an average WAB-R aphasia quotient (AQ) of 72.03 (SD = 13.42; range = 52.1-97.4) and mean TONI-IV score of 99.71 (SD = 6.65; range = 90-105). The APH group included 5 females and two males with an average WAB-R AQ of 77.81 (SD = 9.97; range = 63.7-89.9) and mean TONI-IV score was 96.57 (SD = 10.18; range = 88-119). The control group included four females and three males. All participants passed a hearing screening at 40 dB for 0.5, 1, and 2 kHz or-in the case of one whose hearing was not tested-reported normal hearing. They also passed a vision screening.
Procedures
Participants retold one short story without a concurrent task (single task condition) and another while simultaneously discriminating between two tones (dual task condition). Story stimuli were matched for content (i.e., number of words, number of sentences, number of subordinate clauses and mean sentence length) and complexity (i.e., ratio of clauses to T-units, listening difficulty, and number of unfamiliar words), and were designed to assess narrative production in aphasia (Doyle et al., 1998) . In a sound field over PC speakers and monitor, participants were presented with both auditory information (i.e., an audio recording of a male speaker telling the story) and visual support (i.e., six pictures that went along with the story), then asked to retell the story without visual or auditory stimuli. Each participant practiced the task by telling one story to the investigator before beginning the experiment. During the practice story, the investigator verified that the presentation volume was adequate for the participant and adjusted as needed. The stories were pseudorandomly assigned across conditions.
In the single task condition, participants were instructed to retell the story as best they could to a student volunteer who sat across the table from them. When necessary, the student provided minimum cueing to stay on task (e.g., "What happened next?" "Just do the best you can."). In the dual task condition, participants were asked to retell the story to the same student volunteer but this time simultaneously discriminate between two tones by pushing a red button when they heard a high tone (2000 Hz) and a blue button when they heard a low tone (500 Hz).
Tones were presented in a sound field over PC speakers with the volume adjusted to approximately the same level for all participants. The timing of tone presentations was pseudorandomized at an average interval of six seconds (range = 2-8 s). Prior to the dual task condition, participants practiced identifying tones in isolation for approximately two minutes to ensure they understood the task and to obtain baseline measures of accuracy and reaction time.
Tones were presented and discrimination accuracy and reaction times were automatedly tracked using a custom Matlab script.
The primary dependent variables of interest were four measures of speech fluency: total sample duration, speech rate, extended pause/fill time, and repetitions. Speech rate was calculated as the number of syllables produced per second. Syllable counts were obtained by using a click-counter while listening to the recorded speech samples (see Ingham & Ingham, 2011 for a similar method used in the stuttering literature). Extended pause/fill time accounted for the percentage of time per sample taken up by (a) silent pauses greater than one second, (b) fillers (i.e., "um," or "uh"), and (c) filled pauses (i.e., pauses that were only broken up by filler words) greater than one second. This was done by manually marking any pause or filled pause that exceeded one second from the offset of the last speech segment prior to pausing to the onset of the first segment after pausing. We selected a 1 s cutoff to account for longer than average pausing during a story retell task for neurotypical speakers (Kowal et al., 1983) , and avoid confounds related to motor speech impairment (Shriberg et al., 2017a (Shriberg et al., , 2017b . Repetitions accounted for the percentage of repeated syllables. This measure was calculated by dividing the number of simple repetitions (e.g., sound, syllable, and monosyllabic word repetitions with no other intervening speech sounds) produced per sample by the total number of syllables, multiplied by 100. Extended pauses, filled pauses, fillers, and repetitions were marked using Praat (Boersma & Weenink, 2014) . The first author and a graduate student research assistant each coded half of the samples. Intrarater reliability for each coder was high for both pause/fill time and repetitions per syllable (r = .99). Interrater reliability was also high (pause/fill time, r = .98; repetitions, r = .94). To provide some information about content, samples were transcribed and all intelligible words except fillers and phonological fragments were automatedly counted using the computerized language analysis (CLAN) software (MacWhinney, 2000) .
Secondary dependent variables included tone discrimination accuracy and response time.
Tone discrimination accuracy was measured as the proportion of tones that the participant identified accurately by pushing the correct button. Tone discrimination response time was calculated as the time in seconds between tone presentation and button press response. The average accuracy and response time in each condition across the three participant groups are reported in online Supplemental Table S1 .
Statistical Analysis
Data for all primary dependent variables (i.e., sample duration, rate, pause/fill time, and repetitions) were distributed normally and, therefore, analyzed using two-way mixed effects ANOVAs. This was also the analysis method for the secondary dependent variable of tone discrimination response time, which showed a normal distribution. The between subject variable was "Group" (i.e., AOS, APH, control). The within subject variable was "Condition" (i.e., single task, dual task). Significant main and interaction effects were followed with Tukey's HSD using a familywise error rate of .05. Because tone discrimination accuracy data did not follow a normal distribution, this variable was analyzed using Kruskal-Wallis tests.
Statistical analyses were completed using R 3.4.1 (R Core Team, 2017). Mixed-effects ANOVAs were completed on models built using the lme function within the nlme package (Pinheiro, Bates, Debroy, Sarkar, & R Core Team, 2017) and pairwise comparisons were made on the model using the emmeans package (Lenth, 2017) .
Results
All participants with aphasia spoke more slowly and spent more time pausing and using fillers than the neurotypical speakers. In addition, the AOS group produced significantly longer samples than the control group, which also contained more repetitions (See Figure 1 ). Sample content, in terms of intelligible words produced, was comparable between and within groups showing no main or interaction effects (see Online Supplemental Table S2 ). A significant Group effect was found for sample duration (p = .008), which was explained by story retell samples being longer for the AOS than the control group (p = .006). There was no difference in sample duration between the APH and AOS group (p = .163) or the APH and control group (p = .240) and no condition or interaction effects. Speech rate results showed a significant Group X Condition interaction (F[2,18] = 3.71, p = .045). AOS and APH groups both had a slower speaking rate than controls (p < .001), but did not differ significantly from each other. While speech rate was reduced for all groups in the dual task condition, the change was only significant for the control group (p < .001). Inspection of individual data revealed that all participants except two (P11, C07) reduced their speech rate in the dual task condition but the magnitude of change was generally greater for the control group than the AOS and APH groups (see Table 3 ). Pause/fill time was greater for APH and AOS groups than the control group. Results showed a significant main effect for Group (F[2,18] = 10.63, p < .001), which was explained by significant differences between control and AOS (p = .002) and control and APH (p = .002) groups, whereas there was no difference between AOS and APH groups (p = .999). In the dual task condition, time spent in pauses and fillers increased as revealed by a main effect of Condition (F[2,18] = 32.85, p < .001). Individually, time spent pausing was greater in the dual task condition for all participants except two (P03, P11).
The repetition results showed a significant main effect for Group (F[2,18] = 5.83, p = .011), which was explained by participants with AOS producing significantly more repetitions than controls (p = .008). Again, there was no significant difference in repetitions between AOS and APH groups (p = .284). No significant dual task effect was found for repetitions (F[2,18] = 0.89, p = .358). The APH group reduced their repetitions on average during the dual task, but this was not statistically significant. Individual data showed that four of seven participants from the AOS group increased repetitions in the dual task condition. In contrast, all participants except one from the APH group (P10) reduced their repetitions in the dual task condition.
Tone discrimination accuracy and response time did not differ among the participant groups but did change during the dual task condition. Results showed a main effect of condition for both accuracy (H(2) = 13.37, p < .001) and response time (F[2,18] = 25.67, p < .001) revealing that participants reduced their accuracy and increased their response time on the tone discrimination task; no effect was found for group or interaction.
Discussion
The first aim of the present study was to characterize the presentation of disfluencies (particularly pause/fill time and repetitions) produced by people with and without AOS during connected speech. While the connected speech of PWA was slower and had greater pause/fill time than controls, only the AOS group produced longer samples with significantly more repetitions. The second aim was to investigate the effects of divided attention on speech fluency.
Generally, participants reduced their fluency while retelling stories in a dual task condition, but the magnitude of the reductions varied among groups.
Results from this study expand research linking extended pauses to cognitive-linguistic processing in aphasia. Recent reports have shown that PWA produce more and longer extended pauses than controls (Angelopoulou et al., 2018; Hird & Kirsner, 2010) . Similarly, we found that a greater percentage of narrative samples were taken up by extended pauses and fillers for PWA.
It was striking that pauses and fillers took up nearly half of the sample (and sometimes more) for most AOS and APH participants, which was much larger than the proportion taken up by these behaviors in the samples of neurotypical controls. Increased cognitive demands via a dual task also increased pause/fill time for all participants, but the speech rate reduction was statistically significant only for the control group. The lack of effect for participants with aphasia may have been influenced by their already slow rate at baseline. It is likely that the story retell task was linguistically and cognitively demanding for these groups even before the secondary task was added, causing them to approach it more deliberately and with limited room to alter their strategy.
To explore the link between sample duration, speech rate, pause/fill time, and aphasia severity, we performed a post-hoc correlational analysis. For participants with aphasia, there was a moderate positive correlation between WAB-R AQ and speech rate (r = .480, p = .009) and a weak negative correlation between WAB-R AQ and pause/fill time (r = -.344, p = .073), suggesting that both measures might relate to language severity. Unlike speech rate and pause/fill time, repetitions and sample duration showed no relationship with severity of language impairment.
Our findings regarding repetitions support the suggestion by Bailey and colleagues (2017) that people with AOS produce an abnormally high proportion of repetitions during connected speech, but are inconclusive as to whether repetition frequency can distinguish between aphasia with and without AOS. If, as previously suggested, repetitions are motoric in origin (see e.g., Bailey et al., 2017; Conture, 2001) , we would suspect higher proportion of this type of disfluency in AOS than in aphasia without AOS. This was not the case in the present study but our sample size was small and participants with aphasia showed high variability in their repetitions. Specifically, the raw frequency of repetitions for PWA was relatively low (M = 4) but had a wide range (0 to 19). The type of sample may have contributed to this variability.
Because the narrative samples did not constrain speech to specific targets, some participants may have avoided difficult articulatory movements via circumlocution, potentially reducing their repetition frequency. Comparing our findings with previous research, it seems that a naming task might lead to a greater proportion of repetitions than repeated words and connected speech (Bailey et al., 2017; Trost, 1970) . Repetitions in naming, therefore, might provide better data for comparison between APH and AOS groups and should be investigated in future work.
Connected speech, nonetheless, represents the most ecologically valid sample type and affects how people with AOS are perceived by naïve listeners (Harmon, Jacks, Haley, & Faldowski, 2016) and judged by clinicians (Penttilä et al., 2018) .
Although there were no statistically significant dual task effects on repetitions, we observed an interesting pattern in the individual data. Contrary to our hypothesis, participants with AOS were more likely to increase rather than reduce their repetitions when engaging in dual tasks and all but one participant from the APH group reduced their repetitions in the dual task condition. Given the preliminary nature of this study, future research is needed to determine whether this pattern holds across a larger group of participants. It is possible that, rather than force automatization or greater reliance on the feedforward system, the increased effort required in the cognitively demanding dual task condition caused participants with AOS to work harder to attend to their speech. Perhaps this condition did not have the same effect on the APH group because they produce relatively few sound errors and are more easily drawn away from internal attention to speech. In addition to testing these results in a larger sample, future research should consider different types of secondary tasks that rely on different cognitive or perceptual systems (e.g., working memory, visual tracking).
Often, when speech fluency during connected speech is measured in aphasia and AOS, disfluency types are not considered or are subsumed in an omnibus "error" measure. For example, recent treatment and neuroimaging studies have defined speech fluency based only on measures of rate (Lee, Kaye, & Cherney, 2009; van der Meulen, van de Sandt-Koenderman, & Ribbers, 2012; Wang et al., 2013; Youmans, Youmans, & Hancock, 2011) . Other studies have grouped pauses, fillers, and repetitions with other errors to account for word finding difficulties (Boyle, 2014) or articulation problems (Southwood, 1987) . Based on the present findings, we suggest that measures of rate during connected speech can account for improvements in cognitive-linguistic processing in aphasia but might overlook changes in fluency related to motor control. Because speech fluency in aphasia is multifaceted (Feyereisen, Pillon, & de Partz, 1991; Penttilä et al., 2018) , considering both the rate of speech and different behaviors that interrupt the flow of speech (e.g., pausing and repetitions) could better specify changes in speech and language production during connected speech.
Limitations and Future Directions
Findings from this preliminary study should be considered in light of sample size and variables measured. First, the number of participants in each of our groups was small (i.e., seven). There was also high intra-group variability for some of the measures. Future research is needed to confirm these preliminary findings with larger groups. Second, not all possible variables and measurement techniques related to speech fluency were considered. For example, we used speech rate (calculated using sample duration) instead of articulation rate (calculated using speaking time). While it is possible that articulation rate would have shown differences between AOS and APH groups, this is unlikely given the similarly high pause/fill time in both groups. We also did not code revisions, which is another common type of disfluency in aphasia and AOS (McNeil, Odell, Miller, & Hunter, 1995; Trost, 1970) . Finally, we measured extended pauses but did not account for short pauses. We defined extended pauses as those greater than one second to account for longer than normal pausing during story retell (Kowal et al., 1983) .
Because our study included participants with motor speech impairment, we thought that a shorter cutoff might confound this measure by including short within-sentence pauses that reflect motor planning (see Mack et al., 2015, p. 219 for a discussion of this possibility). Short pauses, however, could provide important information about speech production (Hird & Kirsner, 2010) and might be more prevalent in AOS (see e.g., Shriberg et al., 2017a Shriberg et al., , 2017b . Future research should compare both short and long pauses in PWA with and without co-occurring AOS.
Despite these limitations, this preliminary study sets the stage for future research investigating specific disfluency types in aphasia and AOS. This is also the first study that we know of to apply dual task conditions to speakers with AOS. Over the past decades, the speech of people with AOS has frequently been described as "effortful" (see McNeil, Ballard, Duffy, & Wambaugh, 2017 for a review). Qualitative evidence also supports that talking requires great effort and attention for people with AOS (e.g., Haley, Shafer, Harmon, & Jacks, 2016) . Future research is needed to further investigate the role of attention on speech production in AOS.
Conclusions
People with aphasia generally speak less fluently than neurotypical controls. Like neurotypical controls, though, they reduce their speech fluency as cognitive demands of the communication situation increase. Sound and syllable repetitions might be more prevalent in AOS than normal speakers but other speech tasks may capture this disfluency better than narrative discourse. Future research is needed to confirm preliminary findings from the present study and explore additional tasks and measures that capture disfluent behaviors specific to AOS.
Future research should also further consider how attention to speech affects production in AOS. Haley, Roth, Grindstaff, & Jacks, 2011) . WAB = Western Aphasia Battery revised; AQ = Aphasia Quotient; NABW = not aphasic by WAB; TONI = Test of Nonverbal Intelligence fourth edition; WSD = word syllable duration; AOS = apraxia of speech; APH = aphasia and no apraxia of speech; CIUs = correct information units 
